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Description

The present invention relates to a copolymer of 4-methylpentene-1 and an «-olefin having 2 to 25
carbon atoms except for 4-methylpentene-1 having a substantially syndiotactic structure and high tacticity.

Polymers of a-olefin having a syndiotactic structure have been known for a long period of time, and one
of them is syndiotactic polypropylene. However, the syndiotactic polypropylene, which can be obtained by
a method for polymerizing propylene at a low temperature in the presence of a catalyst comprising a
vanadium compound, an ether and an organic aluminum compound, is poor in syndiotacticity. For this
reason, such a kind of polypropylene is not considered to have the characteristics of syndiotactic
polypropylene.

J. A. Ewen et al. have found for the first time that when propylene is polymerized by the use of a
polymerization catalyst comprising a transition metal (Hf or Zr) compound having an asymmetric ligand and
methyl aluminoxane, a propylene having such a good tacticity that a syndiotactic pentad fraction measured
by ¥C-NMR in excess of 0.7 can be obtained [J. Amer. Chem. Soc., 110, 6255-6256 (1988)].

In the J. A. Ewen et al. method, the activity of each ftransition metal is high, and the syndiotactic
polypropylene obtained by this method has high syndiotacticity and excellent physical properties. However,
J. A. Ewen et al. do not disclose the polymerization of 4-methylpentene-1 at all.

It is known that some of the polymers of 4-methylpentene-1 are isotactic or atactic, and the polymers of
4-methylpentene-1 having the syndiotactic structure have also been reported by A. Zambelli et al.
[Macromolecules, 22, 2126-2128 (1989)]. The A. Zambelli et al. method comprises hydrogenating a 1,2-
polymer of 4-methyl-1,3-pentadiene having the syndiotactic structure in order to prepare the polymer of 4-
methylpentene-1 having the syndiotactic structure.

However, the tacticity of the 1,2-polymer is not high, and thus the polymer of 4-methylpentene-1 which
is the hydrogenated compound thereof is also poor in tacticity, with the result that the polymer of 4-
methylpentene-1 has low crystallizability. In addition, the A. Zambelli et al. method has the drawback that a
copolymer of 4-methylpentene-1 and another «-olefin cannot be prepared by this method.

An object of the present invention is to provide a copolymer of 4-methylpentene-1 having high tacticity.

Another object of the present invention is to provide a substantially syndiotactic copolymer of 4-
methylpentene-1 and another «-olefin which copolymer is excellent in physical properties, particularly
impact resistance, and also has good balance between impact resistance and stiffness and good transpar-
ency.

According to the present invention, there is provided a copolymer of 4-methylpentene-1 and an a-olefin
having 2 to 25 carbon atoms except for 4-methylpentene-1 having a syndiotactic structure in which in a
spectrum of '3C-NMR measured as a 1,2,4-trichlorobenzene solution, a peak intensity of the 4-methylpen-
tene-1 unit observed at about 43.1 ppm on the basis of tetramethylsilane is at least 0,3 of the total of the
peak intensities of the 4-methylpentene-1 unit observed at about 42-44 ppm; the «-olefin unit is present in
an amount of from 0.1 to 30 mol%; and the intrinsic viscosity measured at 135°C as a tetralin solution is
0.05 or more.

Fig. 1 is a peak spectrum of *C-NMR of poly(4-methylpentene-1) obtained in Example 1 [curve a is
concerned with syndiotactic poly(4-methylpentene-1), and curve b is concerned with isotactic poly(4-
methylpentene-1)];

Fig. 2 is an infrared absorption spectrum of syndiotactic poly(4-methylpentene-1) obtained in Example 1;
Fig. 3 is an infrared absorption spectrum of isotactic poly(4-methylpentene-1) obtained in Example 1;

Fig. 4 is a X-ray diffraction spectrum of syndiotactic poly(4-methylpentene-1) obtained in Example 1.

A polymer and a copolymer of 4-methylpentene-1 according to the present invention can be obtained
by polymerizing 4-methylpentene-1 alone or in combination with another «-olefin in the presence of a
catalyst. Examples of the polymerization catalyst include compounds recited in the J. A. Ewen et al.
literature and other compounds for providing homopolymers of propylene in which tacticity is relatively high,
i.e., a syndiotactic pentad fraction obtained from the spectrum of '*C-NMR is at least 0.7. For example, a
catalyst comprising a compound of a fransition metal having an asymmetric ligand and an aluminoxane is
effective.

Examples of the ftransition metal compound having the asymmetric ligand include isopropyl-
(cyclopentadienyl-1-fluorenyl)hafnium dichloride, isopropyl(cyclopentadienyl-1-fluorenyl)zirconium dichloride
and other similar compounds in which one or two chlorine atoms are replaced with other halogen atoms or
alkyl groups having 1 to 5 carbon atoms.
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Examples of the aluminoxane include compounds represented by the formulae

R
/ o]
R- (AllO )nAl and (A'lO n
N :

wherein R is a hydrocarbon residue having 1 to 3 carbon atoms, preferably a methyl group, and n is a value
of at least 5, preferably a value of from 10 to 100.

The molar ratio of the aluminoxane to the transition metal compound is from 10 to 1,000,000, preferably
from 50 to 5,000.

The polymerization conditions are not subject to any particular restriction, and there can be used a
solvent polymerization process using a known inert solvent, a mass polymerization process in a substan-
tially inert solvent-free system or a gaseous phase polymerization process. In general, the polymerization
temperature is in the range of from -100 to 200 ° C, and the polymerization pressure is in the range of from
atmospheric pressure to 101 bar (100 kg/cm?-G). The polymerization at a temperature of from -100 to
100° C under a pressure of from atmospheric pressure to 51 bar (50 kg/cm?-G) is particularly preferred.

In the present invention, the homopolymer of 4-methylpentene-1 can be prepared by effecting the
polymerization at a relatively low temperature in the presence of the above-mentioned catalyst. If neces-
sary, the resulting polymer is then washed with a saturated hydrocarbon compound having about 5 to about
20 carbon atoms such as pentane, hexane or heptane, an aromatic hydrocarbon compound such as
benzene, toluene, xylene or ethylbenzene, a compound thereof in which a part or all of hydrogen atoms are
replaced with halogen atoms, an alcohol having 1 to 20 carbon atoms, or an ether or an ester having 2 fo 20
carbon atoms, in order to remove polymers of 4-methylpentene-1 having relatively low tacticity, whereby
the homopolymer of 4-methylpentene-1 having high tacticity is obtained.

In the thus obtained 4-methylpentene-1 polymer, the peak intensity observed at about 43.1 ppm on the
basis of tetramethylsilane in a spectrum of '*C-NMR measured as a 1,2,4-trichlorobenzene solution is at
least 0.5 of the total of absorption intensities observed at about 42-44 ppm.

The crystallization temperature of the polymer which is measured by melting the same at 300°C and
then lowering its temperature at 10 * C/minute is 160 ° C or more.

Furthermore, the 4-methylpentene-1 polymer of the present invention is also characterized in that a
maximum diffraction line appears in a spacing of about 9. 1078 cm (9 5\) X-ray diffraction spectrum.

The molecular weight of the 4-methylpentene-1 homopolymer according to the present invention is
preferably 1,000 or more, particularly preferably 5,000 or more in terms of a weight average molecular
weight measured by gel permeation chromatography, because this homopolymer will be molded later on.
The above-mentioned molecular weight can be obtained by, for example, measuring a molecular weight of
the polymer as a 1,2,4-trichlorobenzene solution at 135°C, and calculated as a polypropylene. A ratio
(Mw/Mn) of the weight average molecular weight (Mw) to the number average molecular weight (Mn) of the
polymer is preferably from 1.5 to 20. Although the polymer having a relatively narrow molecular weight
distribution (Mw/Mn is 3 or less) is usually formed by using the above catalyst system, the polymer having
a broad molecular weight distibution can be produced by the use of a catalyst system formed by mixing a
Hf containing catalyst with a Zr containing catalyst.

In the copolymer of 4-methylpentene-1 according to the present invention, examples of the a-olefin
which will be subjected to the copolymerization with 4-methylpentene-1 are a-olefins having 2 to 25 carbon
atoms except for 4-methylpentene-1. Typical examples of the «-olefins include ethylene, straight-chain a-
olefins of H,C = CH-(CH.),CHs (wherein n is an integer of 0 to 22) such as propylene, butene-1, pentene-1,
octene-1, nonene-1, decene-1, undecene-1, dodecene-1, tridecene-1, pentadecene-1, hexadecene-1, hep-
tadecene-1, octadecene-1, eicosene-1 and pentacosene-1, and branched a-olefins having an alkyl group in
which a -(CH.),CHsz group is branched, such as 3-methylbutene-1 and 4,4-dimethylpentene-1. These a-
olefins can be used singly or in combination. The units of these a-olefin are contained in an amount of 0.1
to 30 mol%, preferably 0.2 to 25 mol%, more preferably 0.3 to 20 mol% of the total units in the copolymer.
When the a-olefin units are in excess of 30 mol%, stiffness undesirably deteriorates.

The polymerization is carried out under the conditions whereby the content of the «-olefin monomer
other than 4-methylpentene-1 in a polymerization system is in the above-mentioned range and whereby the
monomer ratio and polymerization temperature are in the above-mentioned ranges in order that an
absorption intensity of the 4-methylpentene-1 unit observed at about 43.1 ppm on the basis of tetramethyl-
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silane in a spectrum of '3C-NMR measured as a 1,2,4-richlorobenzene solution of the obtained copolymer
may be at least 0.3 of the total of the absorption intensities of the 4-methylpentene-1 unit observed at about
42-44 ppm.

When the copolymer is washed as in the case of the homopolymer of 4-methylpentene-1, tacticity of
the copolymer can be improved.

The pattern of the absorption spectrum of a methylene group which is considered to be attributable fo
the steric structure of the polymer of 4-methylpentene-1 is not known so far, and the copolymer having the
physical properties which conventional polymers cannot possess would be characterized by this methylene
group.

In the present invention, no particular restriction is put on the molecular weight of the copolymer, as
long as the latter can be utilized as the usual polymer. Since this copolymer will be used as molding resins,
however, the molecular weight is 0.05 or more in terms of an intrinsic viscosity measured as a tefralin
solution at 135°C, or about 1,000 or more, preferably 5,000 or more in terms of a propylene-converted
number average molecular weight (Mn) measured by gel permeation chromatography. Furthermore, the
ratio (Mw/Mn) of the weight average molecular weight to the number average molecular weight of the
copolymer is preferably from 1.5 {o 20.

The molded article of the homopolymer of 4-methylpentene-1 according to the present invention is
relatively brittle and therefore its physical properties cannot be evaluated under usual measurement
conditions for physical properties, which means that it is difficult to apply the molded article to a typical
uses. Needless to say, however, this polymer can be blended with another polymer and then molded.

On the other hand, the molded article of the copolymer of 4-methylpentene-1 and another a-olefin
according to the present invention is excellent in impact resistance and balance between impact resistance
and stiffness.

Now, the present invention will be described in detail in reference to examples, but these examples
intend to elucidate the present invention without any limitation.

Example 1

In a 300-ml flask, 5 mg of isopropyl(cyclopentadienyl-1-fluorenyl)zirconiumdichloride and 0.34 g of
methylaluminoxane having a polymerization degree of about 15 were mixed with 100 g of 4-methylpentene-
1, the aforesaid isopropyl(cyclopentadienyl-1-fluorenyl)zirconium dichloride being prepared by introducing
lithium into isopropylcyclopentadienyl-1-fluorene synthesized by a conventional process and then reacting
the resulting compound with zirconium tetrachloride, the aforesaid methylaluminoxane being prepared by
reacting copper sulfate hexahydrate with trimethylaluminum in foluene. Afterward, the mixture was sub-
jected to polymerization at 25°C for 5 hours. The polymerization mixture was then poured into a large
amount of methanol, so that 5.7 g of poly(4-methylpentene-1) was obtained as a methanol-insoluble
product.

The number average molecular weight (Mn) and the weight average molecular weight (Mw), which were
measured at 135°C by a gel permeation chromatograph (tfrade name GPC150C; made by Waters Ltd.) and
then converted into a polypropylene base, were 35,400 and 64,300, respectively. In a specirum of 3C-NMR
on the basis of tetramethylsilane obtained by measuring a 1,2,4-trichlorobenzene solu tion of the polymer,
five peaks were observed at 23.4, 25.9, 31.6, 43.1 and 46.0 ppm. Furthermore, the melting point and the
crystallization temperature of the polymer were measured by temperature rise and temperature drop at
10° C/minute by means of a differential scanning calorimeter. As a result, the melting point was 205.5°C
and the crystallization temperature was 169.2 °C.

On the other hand, 4-methylpentene-1 was polymerized in the presence of a 1,2-ethylenebisindenylzir-
conium dichloride catalyst in order to obtain isotactic poly(4-methylpentene-1). For this product, the
absorption spectrum of *C-NMR was measured, and peaks were observed at about 23.5, 25.9, 31.4, 42.6
and 46.0 ppm on the spectrum. Furthermore, the melting point and the crystallization temperature of the
polymer were 227.5°C and 207.8° C, respectively.

In the polymer according to the invention, the intensity of the peak atfributed to the syndiotactic pentad
bond at 43.1 ppm of the peak atiributed to CHz groups of the main chain was 0.81 with respect to the peak
attributed to CHz groups of the main chain at 43.1 ppm and the peak attributed to the CH, groups directly
bonded to the main chain of the CH, groups on all the side chains. The measurement results of a spectrum
by "®C-NMR are set forth in Fig. 1, and the measurement results of an infrared absorption spectrum are set
forth in Figs. 2 and 3. In addition, the results of X-ray diffraction spectrum measured by using Cu-Ka ray are
shown in Fig. 4.
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Example 2

In a 300-ml autoclave, 5 mg of isopropyl(cyclopentadienyl-1-fluorenyl)zirconium dichloride obtained by
the same procedure as in Example 1 and 0.67 g of methylaluminoxane having a polymerization degree of
about 16 (made by TOSO AKUZO Corp.) were dissolved in 400 ml of 4-methylpentene-1. Furthermore, 10 g
of propylene was added thereto at 30 ° C, and polymerization was then carried out with stirring at 30° C for
2 hours. Afterward, unreacted propylene was purged, and a large amount of methanol was then added
thereto, followed by filtration and drying at 80 ° C under reduced pressure to obtain 82 g of a polymer.

In a spectrum of '3C-NMR measured as a 1,2,4-trichlorobenzene solution, a peak intensity observed at
about 43.1 ppm on the basis of tetramethylsilane was 0.85 of the total of the peak intensities at about 42.5-
43.1 ppm. The propylene unit was present in a ratio of 8.0% by weight in the polymer. The intrinsic
viscosity of the polymer measured at 135°C as a tetralin solution (hereinafter abbreviated as "»") was 0.40,
and a ratio (Mw/Mn) of the weight average molecular weight to the number average molecular weight
measured at 135°C as a 1,2,4-tfrichlorobenzene solution by using gel permeation chromatography was 2.1.

The obtained copolymer powder was then press-molded at 210°C to form a sheet having a thickness
of 1 mm, and the following physical properties were measured.

Tensile yield strength (bar) (Kg/cm?)
ASTM D638 (23 ° C)

Elongation (%) ASTM D638 (23 ° C)
Notched Izod impact strength (kg.cm/cm)
ASTM D256 (23°C, -10°C)
Haze (%) ASTM D1003
The tensile yield strength was 4 bar (4 kg/cm?), the elongation was 500% or more, the lzod impact
strength was 80 kg.cm/cm similarly at 23°C and -10°C, and the haze was 52%.

Example 3

The same procedure as in Example 2 was carried out except that 10 g of propylene was replaced with
5 g of ethylene. Afterward, unreacted ethylene was purged, followed by filtration and drying at 80 ° C under
reduced pressure to obtain 74 g of a polymer. In a spectrum of '*C-NMR measured as a 1,2,4-
trichlorobenzene solution, a peak intensity observed at about 43.1 ppm on the basis of tetramethylsilane
was 0.72 of the total of the peak intensities at about 42-44 ppm. The ethylene unit was present in a ratio of
2.6% by weight in the polymer. In addition, n was 0.40, and Mw/Mn was 2.1.

As a result of the measurement of physical properties in the same manner as in Example 2, tensile
yield strength was 205 bar (205 kg/cm?), elongation was 620%, lzod impact strength was 20 kg.cm/cm and
8 kg.cm/cm at 23°C and -10° C, respectively, and haze was 48%.

Example 4

The same procedure as in Example 2 was carried out except that the amount of propylene was 3 g, in
order to obtain 76 g of a polymer containing the propylene unit in a ratio of 2.1% by weight. A peak
intensity observed at about 43.1 ppm by 3C-NMR was 0.87 of the total of the peak intensities at about 42-
44 ppm, and 5 was 0.43 and Mw/Mn was 2.1.

As a result of the measurement of physical properties in the same manner as in Example 2, tensile
yield strength was 185 bar (185 kg/cm?), elongation was 480%, lzod impact strength was 25 kg.cm/cm and
6.5 kg.cm/cm at 23°C and -10° C, respectively, and haze was 46%.

It should be noted that the present invention additionally includes a homopolymer of 4-methylpentene-1
and a copolymer of 4-methylpentene-1 and propylene which will be described hereinafter.

A syndiotactic poly(4-methylpentene-1) in which in a spectrum of '3C-NMR measured as a 1,2,4-
trichlorobenzene solution, a peak intensity observed at about 43.1 ppm on the basis of tetramethylsilane is
at least 0.5 of the total of the peak intensities observed at about 42.0-43.5 ppm, and the molecular weight
measured by gel permeation chromatography is 1,000 or more.

A copolymer of 4-methylpentene-1 and propylene in which in a spectrum of '3C-NMR measured as a
1,2,4-trichlorobenzene solution, a peak intensity of the 4-methylpentene-1 unit observed at about 43.1 ppm
on the basis of tetramethylsilane is at least 0.5 of the total of the peak intensities of the 4-methylpentene-1
unit observed at about 42.5-43.1 ppm; the content of propylene is from 0.1 to 20% by weight; and the
intrinsic viscosity measured at 135° C as a tetralin solution is at least 0.05.
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Claims

1.

A copolymer of 4-methylpentene-1 and an a-olefin having 2 to 25 carbon atoms except for 4-
methylpentene-1 having a syndiotactic structure in which in a spectrum of '3C-NMR measured as a
1,2,4-trichlorobenzene solution, a peak intensity of the 4-methylpentene-1 unit observed at about 43.1
ppm on the basis of tetramethylsilane is at least 0,3 of the total of the peak intensities of the 4-
methylpentene-1 unit observed at about 42-44 ppm; the a-olefin unit is present in an amount of from
0.1 to 30 mol%; and the intrinsic viscosity measured at 135°C as a tetralin solution is 0.05 or more.

A copolymer according to Claim 1 wherein the «-olefin other than 4-methylpentene-1 is a straight-chain
or branched a-olefin having 2 to 25 carbon atoms.

A copolymer according to Claim 1 wherein a ratio of the weight average molecular weight to the
number average molecular weight of the polymer is from 1.5 {o 20.

A copolymer according to Claim 2 wherein the straight-chain a-olefin is ethylene or propylene.

A copolymer of 4-methylpentene-1 and propylene in which in a spectrum of *C-NMR measured as a
1,2,4-trichlorobenzene solution, a peak intensity of the 4-methylpentene-1 unit observed at about 43.1
ppm on the basis of tetramethylsilane is at least 0.5 of the total of the peak intensities of the 4-
methylpentene-1 unit observed at about 42.5-43.1 ppm; the content of propylene is from 0.1 to 20% by
weight; and the intrinsic viscosity measured at 135° C as a tetralin solution is at least 0,05.

Patentanspriiche

1.

Ein Copolymer von 4-Methylpenten-1 und einem «a-Olefin mit 2 bis 25 Kohlenstoffatomen, ausgenom-
men 4-Methylpenten-1 mit einer syndiotaktischen Struktur, bei dem in einem Spekirum von *C-NMR,
gemessen als eine 1,2,4-Trichlorbenzolldsung, eine Peak-Intensitdt von der 4-Methylpenten-1 Einheit,
beobachtet bei etwa 43,1 ppm auf der Basis von Tetramethylsilan, wenigstens 0,3 der Gesamtheit der
Peak-Intensitdten von der 4-Methylpenten-1 Einheit, beobachtet bei etwa 42-44 ppm, betrdgt; die a-
Olefin-Einheit in einer Menge von 0,1 bis 30 Mol-% vorhanden ist und die Grundviskositdt, gemessen
bei 135° C als eine Tetralinldsung, 0,05 oder h&her ist.

Ein Copolymer nach Anspruch 1, bei dem das «-Olefin, das ein anderes als 4-Methylpenten-1 ist, ein
geradkettiges oder verzweigtes a-Olefin mit 2 bis 25 Kohlenstoffatomen ist.

Ein Copolymer nach Anspruch 1, bei dem das Verhiltnis des gewichtsgemittelten durchschnittlichen
Molekulargewichts zu dem zahlengemittelten durchschnittlichen Molekulargewicht des Polymeren von
1,5 bis 20 betrdgt.

Ein Copolymer nach Anspruch 2, bei dem das geradkettige «-Olefin Ethylen oder Propylen ist.

Ein Copolymer, von 4-Methylpenten-1 und Propylen, bei dem in einem Spekirum von 3C-NMR,
gemessen als eine 1,2,4-Trichlorbenzolldsung, eine Peak-Intensitdt der 4-Methylpenten-1 Einheit,
beobachtet bei etwa 43,1 ppm auf der Basis von Tetramethylsilan, wenigstens 0,5 der Gesamtheit der
Peak-Intensitdten der 4-Methylpenten-1 Einheit, beobachtet bei etwa 42,5-43,1 ppm, betrdgt; der Gehalt
des Propylens von 0,1 bis 20 Gew.-% betrdgt und die Grundviskositdt, gemessen bei 135°C als eine
Tetralinldsung, wenigstens 0,05 betrigt.

Revendications

Un copolymeére de 4-méthylpenténe-1 et d'une «-oléfine ayant 2 & 25 atomes de carbone, 2 I'exception
du 4-méthylpenténe-1, ayant une structure syndiotactique, dans le spectre de '3C-RMN mesuré en
solution dans le 1,24-trichlorobenzéne duquel lintensité du pic du motif de 4-méthylpenténe-1,
observée 3 environ 43,1 ppm sur la base du tétraméthylsilane, est d'au moins 0,3 fois le total des
intensités des pics du motif de 4-méthylpenténe-1, observées A environ 42-44 ppm ; le motif d'a-
oléfine est présent en une proportion de 0,1 3 30 % molaires ; et la viscosité intrinséque, mesurée 3
135 ° C en solution dans la tétraline, est de 0,05 ou plus.
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Un copolymeére selon la revendication 1, dans lequel I'a-oléfine auire que le 4-méthylpenténe-1 est une
a-oléfine & chaine droite ou ramifiée ayant 2 3 25 atomes de carbone.

Un copolymére selon la revendication 1, dans lequel le rapport de la moyenne en poids du poids
moléculaire 3 la moyenne en nombre du poids moléculaire du polymére est de 1,5 & 20.

Un copolymére selon la revendication 2, dans lequel I'a-0léfine & chaine droite est I'éthyléne ou le
propyléne.

Un copolymére de 4-méthylpenténe-1 et de propyléne, dans le specire de '3C-RMN mesuré sous
forme d'une solution dans le 1,2,4-trichlorobenzéne duquel I'intensité du pic du motif de 4-méthylpenié-
ne-1, observée a environ 43,1 ppm sur la base du tétraméthylsilane, est d'au moins 0,5 fois le total des
intensités des pics du motif de 4-méthylpeniéne-1, observées A environ 42,5-43,1 ppm ; la proportion
de propyléne est de 0,1 & 20 % en poids ; et la viscosité intrinséque, mesurée & 135°C en solution
dans la tétraline est d'au moins 0,05.
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